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The synthesis of dibenzo [2.2]paracyclophane (16),
benzonaphtho [2.2] paracyclophane (17), benzofurano (c] [2.2] 0
paracyclophane (18) and 1,2,3-selenadiazolebenzo [2.2] 0
paracyclophane (43) will be discussed. Emphasis is also
placed on the verification of the existence of the
strained cyclophyne 20 as an intermediate by trapping
methods. The synthetic utility of benzofurano [c] [2.2] C
paracyclophane (18) could be manifested by the preparation
of the ester 55 in which the furan moiety serves as a
diene in the Diels-Alder reaction. The preparation of a
macroparacyclophane diacetylene 57 will be described.
The ESR and PE spectroscopic studies have been carried out
and reported elsewhere, the results of which will be
discussed only briefly here. The X-ray crystallographic
studies as well as the UV spectroscopic results of some
cyclophanes will also be described.
IV. Introduction:
Cyclophanes belong to one of the remarkable
compound classes which has attracted extensive studies1.
In general, a cyclophane molecule consists of benzenoid
ring(s) and one or more aliphatic chains connected in










and 3, as depicted.
Being the lowest homolog of [m.n~j paracyclophane
(2), |~2.2] paracyclophane (1) serves as a unique model fort Oj
the examination of transannular electronic interactions.
X-ray crystallographic studies demonstrate that the two
benzene nuclei in 1 are held face to face and are
separated by only 2.78 and 3.09 respectively because the
para carbons are bent out of the plane of the other four
3
atoms of the aromatic ring.
The electronic spectra of 1 exhibits bathochromic
shift at 223 nm when compared with other higher homologs
of 2, presumably due to transannular 77-77 interactions
4
in 1• Although the bending of benzenes also contributes
to the shifts observed, this effect has been taken
into account by studying the electronic spectra of
[m]paracyclophanes (3) where the absorptions in 260-270 nm
range move to longer wavelength and lose their fine
structure as m equals eight. Consequently, in ,8'paraC
cyclophane, bending of benzene ring is significant but
there is no transannular effect from another benzene
nucleus as it has in 1 and 2.
Other phenomena involving transannular electronic
interactions have also been investigated. Thus, the UV















paracyclophanes and tetracyanoethylene (TCNE) indicates
the relative ir-basicity of the aromatic rings in paracycloC
g
phanes towards n-accepting TCNE. The equilibrium constant
for charae transfer comolex formation is Hpi-prminpH hv -i-h
degree of participation of each ring in the derealization
of charge and by ring nonplanarity modulated by interring
distance. The hyperconjugation with methylene bridges is
also decisive to the relative -basicity. Recently, X-ray
7
structural determination of complex 4 has revealed that,
a.
while 1 undergoes twisting of the rings in opposite
directions about their common normal and exhibits dynamic
3 b
disorder, complexation leads to stabilization of the
cyclophane molecule, which is not disordered. Furthermore, 4
is formed in 1:1 ratio and the TCNE molecule resides on the
7
outer side of the benzene nucleus-
Chromium hexacarbonyl also reacts with [m.njparaC
cyclophanes to give 1:1 complex 5 rather than 2:1 complex
g
6 unless m,n= 5. Apparently, when the two benzene rings
of the donor molecules are close together, transannular
electron release between those rings in 5 is intensive so%
that they cannot function separately as coordination sites.
Apart from electronic spectra, other physical
methods for investigating the physical properties of
cyclophane have been applied. Photoelectron spectroscopic
studies are able to provide the molecular ionization
potential of the [m.n] cyclophanes in gas phase, and hence
present quantitative and qualitatively unified orbital
9
pictures of cyclophanes. Through photoelectron spectros¬
copic studies, it has been suggested that the benzene
moieties in cyclophanes do not differ significantly in
9 f
their electronic build-up from benzene itself. The
electron spin resonance spectroscopic studies have
constituted another manifestation of transannular
10
electronic interaction. The extra unpaired electron in
[2.2]- and [3.3]paracyclophanes is delocalized whereas in
higher homologs such as [4 .4]paracyclophane, the extra
10b
electron is localized on one ring. Needless to say, the
close spacing of benzene nuclei in [2.2]- and [3.3] para¬
cyclophanes facilitates electron derealization. Nuclear
magnetic resonance spectrometry has also found application
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1
aryl protons in 1, 8, and 9 appear shielded by the
opposite ring and the vinyl protons appear abnormally
12
deshielded by the adjacent ring
In the domain of organic synthesis, preparation of




conjugated but orbitally unconjugated compounds. The
C-C double bonds in 7 and 8 are orthogonal to the central
rings because rotation of the benzene moiety is restricted
by its large steric•demand. Steric inhibition of resonance
thus results in different UV absorptions compared with the
corresponding open-chain analogs.
The introduction of aromatic rings orthogonal to
the central benzenes in 1 has also attracted considerable
a.
attention. The rigid molecular frameworks of 10 and 11
10 11
14
provide fixed geometry for orthogonal benzenes. A novel
15
example is the trifoliaphane (12), which consists of six
12A, A. u
parallel benzene nuclei attached to a central orthogonal
benzene. It has been reported that 13 could exist as
transient intermediate, which underwent alkylation and
15
coupling reactions leading to 14 and 15, respectively




In this thesis, the synthesis of cyclophanes
r
containing orthogonal arene rings, i.e. dibenzo[2.2
paracyclophane (16), benzonaphtho [2.2] paracyclophane (17),rjrj~~ Oj 'VI
and benzofurano [c] [2. 2] paracyclophane (18) will be
described. The gem-dibromide 19 will serve as the starting— 00
material. The detection of the existence of intermediate





V. Rpfinl1-.fi and Discussion:
%
A. Synthesis of 5, 8 :13,16-diethenodibenzocycloC
dodecene (16), 5, 8 :15,18-diethenobenzonaphthoC
eyelododecene (17), and l-methyl-5,8:13,16-CXJj Xj 'A, Xj XJXJXj Xj Oj 'Aj 'Ayrb 'X, 'AvXJXJXJXJXJXJXj XJXJXJJ XJXj XJXj XJXJXJXJXJXJXJXj
diethenodibenzocyclododecene (21):rj 1 X 'Xj 'X Xy 'X X X X X X X X X X X 'Xy X 'X; Xy 'Ay X X X X X X
We are attracted by the structural similarity
between 16 and 10 in that the ethane bridge of the lattei
xx xx
is replaced by an ortho fused benzene in the former.
1(o. r 1(
Deoxygenation methods have been developed in our laboratory








arenes 23. By using the dehydration strategy, adduct of
furan (30) and 11 might produce such a system prone to be
aromatized by treatment with acid. The attempted synthesis
of the adduct 24, however has been unsuccessful. We thus
'Xy'Vi
turned our attention to the preparation of adducts with
structural feature similar to 22.
XXi
11 3 C 24
It is well-known that the reactivity of strained
cycloalkynes is extremely high so that they can take part
18
in cycloaddition reaction. Hence, we expected that the
strained cyclophyne 20 might react with furans to furnish
19
the desired endoxides 25. It appears that the desired

















gem-Dibromide 19 was prepared from o-terphenyl (26) through
a number of steps.
Bromination of 26 over iron powder produced
dibromide 27 in 39% yield, m.p. 164°C (recrystallized
twice from glacial acetic acid and once from 90-100°C
pet. ether) (NMR-1)-. Nucleophilic addition of the Grignard
reagent derived from 27 onto formaldehyde followed by
21
acidic work-up furnished the diol 28 in 14% yield
Compound 28 was purified by silica gel column chromato¬
graphy (hexanesethyl acetate= 11), m.p. 117-120°C
(from acetone) (NMR-2). Acid catalyzed bromination of 28
replaced the hydroxyl groups with bromines to give
dibromide 29 in 68% yield1, m.p. 113-115°C (from acetone)-1 L
22
(NMR-3). Phenyllithium mediated intramolecular Wurtz
coupling of 29 under high dilution condition produced the
14 o


















A sharp rise in melting point was observed as it changed
from acyclic terphenyl, 27, 28, and 29, to cyclophane 10.
This is in accord with Cram's prediction on high symmetry
2
of 1 thirty' years ago. Cyclophane 10 could be purified by
column chromatography on silica gel (hexanesbenzene =--91)-.
The proton NMR spectrum (NMR-4) of 10 shows analogous up-
field shift of the eight para aryl protons to 5 6.54
(singlet) as compared with other paracyclophanes, such as
1, 8, and 9 (vide ante). The ortho aryl protons appear at
rj rj rj
5 7.50 which is characteristic of an system
(J= 5.5 Hz, J'= 3.4 Hz), and the four methylene protons
appear at 6 3.10 (singlet).
X-ray structural determination of 10 and 11 have
been reported. The final atomic parameters for the title
compounds are listed in Table 1. A perspective view of
with common atom-numbering is shown in figure 1. Bond
lengths and valence angles are compared in Table 2.
Although the ethane bridge in 10 is replaced by double
bond in 11, these two compounds show structural similarity
and isomorphism, because the shorter distance of C(1)—C(2)
bond in 11 can be compensated by the larger bond angle at
each bridging atom in 11 (sp carbon) as compared to that
in 10 (sp carbon). Being analogs of [2.2] paracyclophane
4 Q 3































































































































































































Table 2. Bond lengths (A) and bond angles()
1C 11
C (1) -C (2)





C (7) -C (8)
C (5) -C (6)
C (6) -C (7)
C (6) -C (9)
C (9) -C (10)
C(10)-C(ll)
C (11) -C (12)
C (1) -C (18)
C(17)-C(18)
C (18) -C (19)
C(16)-C(17)
C (19) -C (20)
C (15) -C (16)
C (15) -C (20)
C (14) -C (15)
C (13) -C (14)























































C (5) -C (6) -C (7)
C(9)-C(6)-C(5)

























C (9) —C (6) —C (14)
C (6) -C (9) -C (10)
C (10) -C (9) -C (14)
C (9) -C (10) -C (11)
C(10)-C(11)-C(12)
C (1) -C (2) -C (3)
C(1)-C(18)-C(17)
C (1) -C (18) -C (19)
C (17) -C (18) -C(19)
C (16) -C (17) -C (18)
C (18) -C (19) -C (20)
C (15) -C (16) -C (17)
C (19) -C (20) -C (15)
C (20) -C (15) -C (16)
C (14) -C (15) -C (16)
C(14)-C(15)-C (20)
C (9) -C (14) -C (15)
C (13) -C (14) -C (15)
C (13) -C (14) -C (9)
C (12) -C (13) -C (14)


























































Figure 1. perspective view of 11 with common atom-
numbering.
(1), 10, and 11 consist of bent benzene nuclei inO O'X r0
their cyclophane ring. A relatively constant interring
distances have been found comparing with other paracycloC
3 b 2 8
phanes' regardless of the nature of substitution and
unsaturation at the bridges.
The functionalization of paracyclophanes on its
carbon bridges has been explored by Cram and his
13 2 4
coworkers'. Similar treatment of 10 with excess of
'WV.
14






ride led to 19 in 29% yield after column chromatography
on silica gel (hexanesbenzene= 91), m.p. 222-223°C
(from hexanes). The proton NMR spectrum (NMR-5) of 19% 'V
shows a singlet of two benzylic protons at 6 4.69, a
multiplet of four para aryl protons at 5 6.67
J= 8.2 Hz), another multiplet of four para aryl
A A
protons at 6 6.98 i2X2' JAX= 6,8 Hz' and a multiPlet
of four ortho aryl protons at 6 7.50(AB)- It has been
13
pointed out that in the process of radical mediated
benzylic bromination, much more compression strain was
relieved when benzylic radical was generated by abstract¬
ing hydrogen from carbon bearing halogen atom than from
carbon not bearing halogen. Thus, the radical mediated
bromination of 10 gave predominantly gem-dibromide,
as can be vindicated by NMR spectrometry.
Dehydrobromination of with potassium t-butoxide







to be unstable. However, it could be trapped with dienes
25
such as furan (30), 2-methylfuran(), isobenzofuran(£),
and 2,5-diphenylisobenzofuran (33). Use of excess of
these dienes should be helpful to the improvement of the













The yields of 34 and 35 are generally low, being 11-47%
and 11%, respectively. Since furan() has an aromatic
sextet already, so that it is not quite reactive as a
normal diene. In comparison with furan (30), isobenzofurai
(32) and its derivative 33 are much more reactive towards
20 because aromaticity could be restored after the
formation of endoxides 36 and 37. Hence the yields of 36Oj'Xf 'XJ'XI 'Xj'XJ
and 37 are higher, being 74% and 40%, respectively.
'VOj
Apart from diene, another competing agent.might
also react with the unstable cyclophyne 20, i.e. it has
19
been reported that t-butoxide could add to the strained
cycloalkynes to form t-butyl enol ether. Thus, 20 might
furnish t-butyl enol ether 38 and subsequently hydrolyze















In practice, varying amount of 39 has been isolated from
the preparation of 34, 35, 36, and 37, thus providingjrL. rO'j 'YrU ''v
partial evidence of the existence of 20. Ketone 39 will
also serve as a starting material in our latter reaction.
Compounds 4, 35, and 36 could be purified by
column chromatography on silica gel (benzene). The
isolation of required some efforts because excess
must be removed prior to purification. The desired 7 was
obtained after two thick layer chromatography on silica gel
(hexanesbenzene= 91, followed by hexanesethyl acetate=
41),
The proton NMR spectra of endoxides 34, 35, 36,OjOf 'X'Xj 'Vf'Yf
and 37 have been recorded and the results are depicted in
Table 3. The absorptions of the ortho aryl protons are
found to be consistent with the parent compound 10 except
that, the magnetic equivalency of the eight para aryl
protons is destroyed by the introduction of endoxide ring.
Although the para aryl protons are separated into two
sets of A2X2 systems, their chemical shifts do not exceed
6 7.0 because they are shielded by the opposite ring.
The coupling constants of these A2X2 systems are measured
to be approximately 8 Hz. The vinyl protons in 34 and 35
'Xj'Xj
are abnormally deshielded (6 7.0), which is similar to
other paracyclophane alkenes 8, 9, and 11 (vide ante).%% fj fj
The bridge head protons in 34, 35, and 36 experience the
deshielding diamagnetic current exerted by the adjacent
rings and the signals appear at approximately 5 6.0.
The low solubility of 37 in CDCl prevented detailed
analysis of its NMR spectrum.














































It has been previously noted that deoxygenation of
17
endoxides such as 34, 35, 36, and 37 will provide the00 0 OOy
2 6
corresponding arenes. Employment of low valent titanium
gave desired results. Thus, reaction of low valent titanium
with 34, 35, and 36 provided the corresponding arenes 16,OO oo oo L oo
21, and 17, respectively, in which the two arene rings on. oo oo c. 2
two sides are perpendicular to the two central benzene




calculated to be 70-90%. However, treatment of 37 with
21
either low valent titanium or zinc-copper couple did not







Compound 16, 17, and 21 were highly symmetrical
and rigid molecules. They melted at around 270-280°C with
decompositions. X-ray structural determination of 16 has
2 8
confirmed its structure. The perspective view of the






















Figure 2. Perspective view of 16 with the atom numbering
The molecule 16 was found to be of D2h symmetry with only
slight but perceptible deviations. Table 4 lists the
fractional atomic coordinates and thermal parameters.
The average dimensions of the molecule are illustrated in
figure 3. This figure demonstrates that the para benzene
nuclei are also bent as in [2.2] paracyclophane() and the
interring distances are 2.80 and 3.10 8 respectively. One
4
Table 4. Fractional atomic coordinates (x 10) and thermal parameters


























































































































Table 4 (cont n)
Equivalent isotropic temperature factor U defined as 13 of the
trace of the orthogonalized B matrix. The exponent of the isotropic
2 2 2
temperature factor takes the form— 8ir Us in 0X.
interesting point in 16 is that the two ortho benzeneOOj
nuclei are distorted, being a little longer on one side








Figure 3. Average dimensions of the molecule 16: a 1.371,
b 1.380, c 1.385, d 1.431, e 1.499, f 1.381,
£ 1.390,£ 2.80,£ 3.10 X, ab 120.0, be 121.6,
cd 118.4, ce 124.6, de 117.0, ef 120.4, f£ 120.7,
ff' 117.1°. Standard deviations are ca. 0.009 X,
0.6° and 0.01 X for bond lengths, bond angles and
transannular non-bonded distances, respectively.
Molecular strain in [2.2jparacyclophane resulted from
repulsion of the ir electron cloud might contribute to this
effect.
The proton NMR data of 16, 11, and 21 are listed inOf 'Xi'XJ
Table 5. There is no significant change in the chemical
shifts and spin-spin coupling pattern of the ortho aryl
protons in 16 and 17 as compared with those of 10, althoughXjXj SXjIJ
presence of the ABC system in the ortho aryl protons of 21
complicates its analysis. The para aryl protons are found
to be also shielded by the opposite ring.
Table 5. Collection of proton NMR data of 16, 17, and 21
(J in Hz 16 (NMR-8] 21 (NMR-12 17 (NMR-10)
-ArH 7.57, A B 7.52. m 7.58, A9B0
(6.6. 3 A1 (5.5. 3.3)
p-ArH 6.68. c 6.67, A2X2 6.73, A2X2
(8.3 (8.4!
6.68, s
Due to the high symmetry of the molecular
structure, collaboration on ESR spectroscopic studies of
29
16 with Prof. Dr. F. Gerson, and work on PE spectroscopic
studies of 16 with Prof. Dr. E. Heilbronner have been
30
carried out (vide infra).
We are interested in the nature of the reactive
species in the Diels-Alder cycloaddition reactions leading
to the endoxides 34, 35, 36, and 37. Among all otherfXjfX, 'Xf'Xj tXjfX, rjr0
possibilities, vinyl bromide 40 might be the reactiveOj'V
dienophile for furans and isobenzofurans.
. Rr
4
In view of these possibilities, two pathways have
been formulated for the endoxide formation: (a) prior
elimination of one HBr from 19 and cycloaddition of the
resulting vinyl bromide 40 with furan produces 41 which
subsequently undergoes dehydrobromination to give endoxide
34; (b) generation of strained cyclophyne 20 by directOO; OiO
removal of two HBr from 19, follows by cycloaddition with





















In order to prove these hypotheses, two indepen¬
dent experiments have been carried out. The first experi¬
ment involves the preparation of the vinyl bromide 40 and
rJrJ
the examination of its reactivity towards furan. The
second experiment involves trapping of the transient
intermediate in the process of cycloaddition reaction.
To accomplish the first goal, vinyl bromide 40
was prepared from y. Monobromination with NBS on the
ethane bridge of gave in 21% yield. Dehydrobromination
of gave the alkene in 67% yield. Both and have
14
been prepared and characterized (NMR-14 and NMR-15,
respectively). Addition of bromine followed by dehydro-








In the process of bromination, two stereoisomers
were isolated in 26% and 23% yield after column chromato¬
graphy on silica gel (hexanesbenzene= 91). They were









The identification of the stereochemistry can be
achieved by proton NMR spectrometry. The data are analyzed
in Table 6 together with the symmetry point groups of cis-
and trans-44 indicated:
Table 6. Comparison of NMR data of cis- and trans-44
c%%




(5.5. 3.4 (5.5, 3.4
p-ArH 6.58, s 6.70, A2X2
( 8. 3. 17)
6.99, A2X2 6.75, A2X2
I« 7 (8.3. 1.7
point group C
s C 2
The cis isomer 44 has higher symmetry than the
trans isomer 44, therefore, the spin-spin coupling
pattern for the para aryl protons should be simpler for
the former. In addition, the R£ value of cis-44 on ticf O.'V
(silica gel, hexanesbenzene= 91) is smaller than that
of trans-44 because cis configuration of vicinal dibromide: 'VV
could result in higher polarity. Further confirmation of
the stereochemistry of 44 can be made through the examina¬
tion of the relative chemical reactivities of them towards
dehydrobromination with 1,5-diazabicyclo [4.3.o]non-5-ene
19
(DBN) in refluxing benzene. Due to the fact that
elimination of HBr should be trans and that the rigid
molecular frameworks restrict C-C bond rotation, the cis
isomer therefore should react faster than the trans
isomer. In fact, in order to complete the elimination of
HBr, the trans-44 required 63 hours with 20 fold excessrj rj A
of DBN whereas the cis-44 required only 24 hours with onl}% %













The fact that yields of cis-44 and trans-44 are
nearly equal indicates the presence of the classical
carbocationic intermediate 45 rather than the non-







Vinyl bromide 40 was prepared separately from
cis- and trans-44 respectively in 60 to 80% yield, m.p.
210-213°C. There is no change in the NMR signals' (NMR-18)
of the ortho ?arylprotons when compared with 10 but the
vinyl proton is further deshielded by adjacent bromine
atom to 6 7.55. The para aryl protons appear as a singlet
at 6 6.69 and a multiplet at 6 6.62 (AX, J= 8.5 Hz).
When a solution of vinyl bromide 40 and furan (30)a 'Xj'Xt 'Xj'XJ
was stirred at room temperature for 24 hours, no cyclo-
addition product formed. Therefore, it is safe to propose
that 20 might be an intermediate in the process of endoxide






In order to prove the existence of the strained
cyclophyne 20, it is desired to generate the cyclophyne 20
18e
directly. As pointed out earlier, cyclophyne 20
rjtj
generated from dehydrobromination of 19 could suffer from
interference of t-butoxide, therefore it is desired to
generate 20 through other conditions. The 1,2,3-selenadi-
azole compound 43 appears to be a suitable candidate
because it can be prepared conveniently from ketone 39.
Ketone 39 is readily available as a side product in all
our endoxide preparations (vide ante). It can also be
24





Acetolysis of the gem-dibromide 19 aided by
silver acetate produced the ketone 39 in 40% yield after
column chromatography on silica gel (benzene), m.p.









shows a singlet of two benzylic protons at 6 3.88, a
multiplet of four para aryl protons at 6 6.69 (AX, J
2 2 AX
= 8.0 Hz), a singlet of the other four para aryl protons
at 5 6.75, and a multiplet of four ortho aryl protons at
6 7.56 (A0B», J= 5.5 Hz, J1= 3.3 Hz). Condensation of 39Z Z ff fj
32
with semicarbazide afforded the corresponding semicarC







insoluble in most organic solvents. Without purification,
3 2
47 was oxidized by selenium dioxide in dioxane to give








43 in dimethylsulfoxide permits the recording of. its
proton NMR spectrum (NMR-19). A multiplet of eight para
aryl protons appears at 6 6.71 and a 22 multiplet of
four ortho aryl protons appears at 6 7.54. The mass
spectrum of 43 reveals only the fragment after elimination
of nitrogen, N2, indicating that 43 was thermally labile.
Generation of 20 was thus carried out at high temperatures.
Pyrolysis of 43 at 230°C in a solution of2 2 a-'v








generated 20 which underwent cycloaddition with tetraC
cyclone to give 48 as a reactive intermediate. Extrusion

















furnished in 8% yield after thick layer chromatography
on silica gel (benzene), m.p. 300°C. Compound 49 is
characterized by high resolution mass spectrometry and
proton NMR spectrometry (NMR-20). In the NMR spectrum, the
ortho and para aryl protons appear at 6 7.49
J= 5.5 Hz, J'= 3.4 Hz) and at 6 6.68 (A0X_, J= 8.1 Hz),A A A.X
which is not much different from other related compounds
(vide infra and vide ante). The protons on phenyl groups
are recognized at 6 7.01 as a broad multiplet.
Even though 49 was isolated in low yield, the





During the course of the synthesis of dibenzo [2.2]C
paracyclophane (16), alternative routes have been exploredb%






Direct electrophilic aromatic substitution reaction of 16
might produce a mixture of products because the two types
of benzene nuclei in 16 have different reactivities.
OiOr
Specific functionalization of the ortho aryl rings could







of R and R is restricted to electron-donating groups
because the reactivity of furans could usually be decreased
when substituted with electron-withdrawing groups.
A search of literature reveals that [2.2] (2,5)0
furanophane (50) reacts with dimethyl acetylenedicarboxylate
rirj
(DMAD) to give endoxide intermediate 51 which reacts
C W












With this idea in mind, we therefore design a
furan fused benzo [2. 2~ paracyclophane 18, so that the
18
desired endoxide 25 can be prepared by facile cycloaddition
of 18 with dienophiles containing electron-withdrawing
groups, such as DMAD and TCNE. Deoxygenation of 25 where
1 2





The synthesis of 18 was realized by starting from
'Xj'XJ








less substituted double bond of afforded 97% yield of
53. No melting point could be recorded for compound 53
because ethylene was extruded from its endoxide ring when
was heated to 213°C, leaving the furano compound 18 as
2 6
the retro-Diels-Alder product. The yield of 18 was
generally high when extrusion of ethylene from 53 was
carried out at small quantity and in solid state under
vacuum (0.5 mmHg).
The desired endoxide 54 was then prepared by
refluxing 18 with excess DMAD in toluene. The yield was
83%. Subsequent deoxygenation of 54 with the aforementioned
2 6















product 55 in 70% yield, m.p. 273°C (dec.).
The NMR data of 34, 53, 18, 54, and 55 are shown in
'Xf 'Vj rjrj rjfj Xj 'Xf j
Table 7. The spin-spin coupling pattern of the para aryl
protons in 53 is much simpler than that in 34. However, the
'V TjOI
corresponding patterns for the two endoxides 34 and 54 are
very similar and the chemical shifts are nearly the same.
Afterall, the basic features of these NMR data are
consistent with those of the other paracyclophanes
mentioned earlier.
Attempted synthesis of the symmetrical endoxide 56
was unsuccessful. Pyrolysis of selenadiazole compound 43
in excess of furanophane 18 gave a mixture of unidentified
products. Steric hindrance from the para benzene nuclei
probably hindered the approach of furanophane and
Table 7. Comparison of the NMR data of 34, 53, 18, 54, and 55.r .r. r .r. r .r. n s. n .n.




































(vinyl proton) 7.49, s
1.70, m
2.16, m
cyclophyne into bonding distance. In addition, the











D. Synthesis of 9,10:23,24-tetradehydro-5,8:11,14:C
19,22:25,28-tetraethenodibenzocyclotetracosene
(57), the macroparacyclophane diacetylene:
It is known that preparation of paracyclophanes by
coupling reaction under high dilution would inevitably
2
produce considerable amount of oligomers and polymers.
In our preparation of benzo [2.2]paracyclophane (10)












after column chromatography on silica gel (hexanesbenzene
= 91), m.p. 245-246°C.
A bal1-and-stick model of 56 reflects the molecula
OiOI
flexibility of the macrocycle, i.e. the ethane bridges
could freely rotate with respect to each other with the
para fused benzenes remain static. Therefore, the proton
NMR signal of these benzylic protons appears as a singlet
because the environment of these protons is averaged by
this dynamic process.
It was interesting to investigate whether or not
that reduction of the degree of flexibility of 56 might
influence the transannular effect in such a macroparaC
cyclophane. Triple bonds were chosen and introduced to
•7•.
reduce the degree of freedom in 56. Upon successive
'Vy'V.
bromination with NBS and dehydrobromination with potassium
t-butoxide, 56 was converted to the desired diacetylene 57
- ,v
57
in 12% overall yield after thick layer chromatography on
silica gel (hexanesbenzene= 91) and column chromatography
on silica gel (chloroform), m.p. 300°C (from chloroform).
The unusually high melting temperature indicates that there
is a highly symmetrical skeleton in the diacetylene 57
because the para benzene nuclei are aligned by the
appended triple bonds.
The proton NMR data of 56 and 57 are listed in
Table 8. Comparison of the NMR data of ortho aryl protons
in 56 and 57 with those of smaller ring size paracyclophanes,
Table 8. Comparison of NMR data of 56, 57 and 10
(J in Hz) 56 (NMR-25)O A. 57 (NMR-26r. r. 10 (NMR-4)
o-ArH 7.42, AA'BB' 7.49. AA'BB 7.51, A B
J,= 7.01 .T= 7.12 J= 5.5





p-ArH 6.87, A2X2 7.05, A2X2
6.54, s
JAX S1 JAX= 82
10, etc., shows that there is slight but perceptible up-
field shift in the macro ring compounds. Presumably,
enlargement of the paracyclophane ring in 56 and 57 might
lead to a larger cavity enclosed by the para aryl rings,
and hence might shorten the distance between the ortho
aryl protons and the shielding region of the para aryl
rings. The down-field shift of the para aryl protons in
56 and 57 suggest less shielding from the opposite ring
and hence increase in interring distances, in agreement
with the above argument. The larger down-field shift of
the para aryl protons in 57 might also be attributed to
the adjacent triple bond.
E. A brief discussion of the ultraviolet, electron
AyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAy
spin resonance and photoelectron spectroscopicAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAy
studies on 5,8:13,16-diethenodibenzocyclododeceneAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAy
(16) and related compounds:A i A J AiAiAiAiAiAjAAiAiAjAiAiAiAiAiAij AI AJAJA i A J AJAJ
The ESR spectroscopic studies of 16 have been
29
carried out by Prof. Dr. F. Gerson and co-workers. The
magnitude of the hyperfine coupling constants for the
eight protons on the central benzene nuclei and four inner
(i) and four outer (o) protons on the side benzene nuclei
t
has been determined from the ESR spectra of the radical









In accordance with previous report on the symme-
2 8—
trical structure of 6, the ESR spectrum of 16 was also
symmetrical with only three hyperfine coupling constants.
Their absolute values are 0. 235, 0. 120 (i) and 0. 026 (o) mT,
respectively. Proton ENDOR resonance studies confirm that
there are three sets of equivalent protons corresponding to
three hyperfine coupling constants. The spin distribution
of the unpaired electron of 16 is determined by comparing
the magnitude of hyperfine coupling constants with those of
16 8H: 0.234 mT 1 8H: 0.297 mT 8 8H: 0.013 mT
1 and 8. The symmetry of the singly occupied molecular
r 'b
orbital in 16~ has thus been determined to be of B type
. ±g
where a nodal plane passed through four para carbon atoms.
For this reason, the hyperfine interaction of the single
electron with protons on ortho benzene nuclei should arise
from spin polarization rather than spin derealization and
the three coupling constants should have the same sign.
INDO calculations confirm that the three coupling constants
should have negative values.
The.gas phase photoelectron spectroscopic studies
of 10, 11, 16, 21, and 17 have been reported recently by
rjj rjrj rj rj
30
Prof. Dr. E. Heilbronner and co-workers. The low
volatility of these compounds limited the analysis of
their PE spectra because the higher temperature employed
in the preparation of sample reduced the resolution of
absorption peaks concomitantly. However, the measured
ionization potentials are in good agreement with previous
-l, 9a
results
The UV spectra of 10, 11, 16, 16+ TCNE, 17, 18,
and 57 were recorded and part of the data are tabulated in
Table 9: column I indicats the relative constant degree of
tt-tt transannular interaction in the series of benzo
annulated [2.2]paracyclophanes; column II reflects the same
amount of bending of para benzene nuclei; and column III
shows that there is no conjugation between the ortho
benzene and para benzene nuclei in the series of benzo
annulated [2.2]paracyclophanes. UV spectrum of shows
absorptions in longer wavelength than the above paracycloC
phanes because of the highly conjugated para phenyl-
Table 9. UV absorptions of 10, 11, 16, 16+ TCNE, 17, 18, and 57
X (nm) (log e)










































57 (UV-6 291 (3.7' 296 (3.7 305 (3.6)
16+ TCNE
(UV-7)
402 (4.4) 420 (4.4 474 (3.6
acetylene system. The UV absorption of 16 in the presence
of tetracyanoethylene (TCNE) shows charge transfer bands
in the 400-500 nm region with high intensity. This result
indicates that the ir-basicity of the para benzene nuclei
was larger than that of ortho benzene nuclei in the same
.. 6b
molecule
18 17 16 11 10
VI. Conclusion:
The most important step in the synthesis of dibenzoC
[2.2]paracyclophane (16) is the trapping of the strained
cyclophyne 20 with furan (30). However, the yield of the2 C 2 0.0- »V, 2
endoxide 34 was somewhat limited due to the side reaction
between the cyclophyne 20 and t-butoxide, which was used
for the dehydrobromination of the dibromide 19. Therefore,
other synthetic route has been developed, in which thel
cyclophyne -20 was generated from the 1,2,3-selenadiazole
compound 43 under neutral condition and in the absence of
nucleophile such as t-butoxide. Nevertheless, cyclophyne 20
generated using this thermal reaction could only be trapped
by high boiling diene, i.e. tetraphenylcyclopentadienone
(tetracyclone) and this reaction is hence not applicable to
the preparation of the cyclophane 16.
It is envisaged that the two sets of benzene nuclei
of dibenzo [2.2]paracyclophane (16) should have different
reactivities. In order to prove this assumption, it is of
interest to prepare the tricarbonylchromium complex of
dibenzo [2.2]paracyclophane (viz 58) and to examine its
Cr (CO)
58
reactivity towards various electrophiles and nucleophiles.
The CrtCO) group will unequivocally complex
on the para fused benzene nuclei as intramolecular charge
transfer makes it more electron-rich than the appended
ortho fused benzene nuclei. Since chromium atom in carbonyl
complex is an electron deficient center, coordination of
which with arenes will certainly decrease the electron
density of the latter. Hence, electrophiles would most
likely attack on the ortho substituted benzene of 58,u 'Xi'XI
35
leading to 59; whereas nucleophiles would attack on the













As dibenzo [2.2]paracyclophane (16) is rather
strained in its molecular skeleton, it might be transformed
into its isomers, namely, dibenzo [2.2] metaparacyclophane
(61) and dibenzo [2.2]metacyclophane (62) via Lewis-acid
promoted reaction as well as photochemical reaction
3 6 3 7
developed by Cram and co-workers' Recently, rearrange¬





and 16, from which cyclophane 6 3, benzo [e]pyrene (64) and
3 8









Reductive dechlorination of 65 has not been performed
because 65 has only been isolated in extremely low yield.
'Xi'XI
The properties of 61 and 62 hence still await exploration.
As can be seen from the aforementioned reactions, it is of
paramount importance to prepare dibenzo [2.2]paracyclophane
(16) in larger quantity via more efficient pathway.
59
VII. Experimental Section
Solvents used were purified by standard proce¬
dures. All evaporation of organic solvents was carried out
by a rotary evaporator in conjunction with a water
aspirator.
Proton NMR spectra were recorded on a Bruker
Cryospec WM 250 (250 MHz) spectrometer or a Jeol PMX 60 SI
(60 MHz) spectrometer. Deuterated chloroform was used as
solvent unless stated otherwise and the chemical shift 6
(ppm) was measured with tetramethylsilane (TMS) serving as
an internal standard. Mass spectra were recorded on a
VG Micromass 7070F spectrometer. UV spectra were recorded
on a 323 Hitachi Recording Spectrophotometer in ethanol.
Elemental analyses were carried out by Drs. C. H. L.
Kennard and G. Smith at Queensland Institute of Technology,
Australia.
Merck silica gel (60 F254 Precoated on aluminum
sheet was used for tic studies and Merck silica gel
(70-230 mesh) was used for column chromatography. R
values of all compounds on tic-were used for reference
only. Melting points were measured on a hot-stage
microscope and were uncorrected.
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20
4,4-Dibromo-o-terpheny1 (27). Iron powder
(ca. 0.1 g, activated in oven) was mixed with o-terphenyl
(2£) (2.0 g, 8.7 mmol) in chloroform (8 mL). A chloroform
solution (3 mL) of bromine (0.94 mL, 18.5,mmol) was added
to the above mixture over 1.2 min. The resulting mixture
was stirred for 1.2 hr and was monitored by tic (silica
gel, hexanes, Rf= 0.55). Chloroform (25 mL) was added and
the mixture was washed with 15% potassium hydroxide
solution (100 mL). The organic layer was dried over
anhydrous,sodium sulfate and evaporated. The white solid
obtained was recrystal1ized twice from glacial acetic
acid and once from pet. ether (90-100°C) to yield crystal¬
line product 27 (1.32 g, 39%): m.p. 164°C (lit.20 170°C)J
C10H 0Br; M.S.: me= 388 (M+); 1H NMR (NMR-1, 60 MHz):1 o 1 Z Z




4, 4-Dibromo-o-terphenyl (27) (2.8 g, 7.2 mmol) in anhydrous
THF (40 mL) was added dropwisely to a refluxing mixture of
magnesium turning (activated in oven) (0.35 g, 14.4 mmol)
in anhydrous THF (10 mL). The completeness of the forma¬
tion of the Grignard reagent was monitored by tic. Then
formaldehyde gas [prepared by pyrolyzing paraformaldehyde
(1.1 g, 36.7 mmol) at 200°c] was passed into the afore¬
mentioned vigorously stirred Grignard reagent (by nitrogen
flow for 30 min. Water (3 mL) was then added to dilute the
solution, which was followed by 1M sulfuric acid (80 mL).
The aqueous layer was extracted with chloroform (3 x 15 mL)
The combined organic layer was dried over anhydrous sodium
sulfate and evaporated. The desired product 28 was
separated (0.3 g, 14%) after column chromatography on
silica gel (hexanesethyl acetate= 11,= 0.33):
O 1
m.p. 117-120 C (from acetone) (lit. 119-120°C); ConH1o0n;
z U lo z
M.S.: me= 290 (M+); 1H NMR (NMR-2, 60 MHz): 6 1.9
(s, 2H, -OH), 4.6 (s, 4H, -CH2~), 7.2-7.4 (m, 8H, p-ArH),
7.5 (m, 4H, o-ArH).
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z 1
4,4-Bis(bromomethyl)-o-terphenyl (29). FinelyXyXyXyXyXyXyXyXyXyXyXyXyXyXyX XyXyXi OyMyXy~~~XyXyXyXyMyXyXyXy°ty XyXyXy
powdered 4,4-bis(hydroxymethy1)-o-terphenyl (28)— Xy Xy
(0.29 g, 1.02 mmol) was added to a vigorously stirred
hydrobromic acid solution (48%, 2.4 mL) at 100°C. After
standing for about 5 min., a colorless emulsion was
formed.and solidified upon cooling. The solid was dissolved
in chloroform (10 mL) and neutralized with saturated
sodium bicarbonate solution (10 mL). The organic layer
was dried over anhydrous sodium sulfate and evaporated.
The dibromide 29 was obtained (0.29 g, 68%) afterVyXy J
recrystallization from acetone: m.p. 113-115°C (from
O 1
acetone) (lit. 115-117°C); ConHirBrn; M.S.: me=
z u± b Z——
414 (M+); 1E NMR (NMR-3, 60 MHz): 6 4.3 (s, 4H, -CH2Br),




(10). Phenyllithium was prepared by adding bromobenzene
rj'j
(1.44 g, 9.2 mmol) in anhydrous ether (14 mL) dropwisely
to a stirred suspension of finely divided lithium (0.13 g,
22
18.4 mmol) in anhydrous ether (14 mL). 4,4-Bis(bromoC
methyl)-o-terphenyl (29) (2.88 g, 6.91 mmol) in anhydrous
ether (30 mL) was added to the phenyllithium reagent
dropwisely. The resulting mixture was stirred for 24 hr
and was then quenched with 1M sulfuric acid (50 mL). The
aqueous layer was extracted with ether (3 x 20 mL) and
the combined organic layer was dried over anhydrous sodium
sulfate and evaporated. Column chromatography on silica gel
(hexanesbenzene= 91,= 0.33) followed by recrystal-
lization from hexanes afforded the desired product 10 as long
colorless needles (0.44 g, 25%): m.p. 215-216°C, (lit.
217-219°C); C20H16; M.S.: me= 256 (M+); UV (UV-1)
A,, (log e): 220 (4.7), 270 (3.2), 311 (2.1);
max(nm)
1H NMR (NMR-4, 250 MHz): 6 3.10 (s, 4H, -CH2CH2),
6.54 (s, 8H, p-ArH), 7.40-7.62 centered at 7.51
(A2B2, 4H, o-ArH, J= 5.5 Hz, J'= 3.4 Hz).
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9,9-Dibromo-9,10-dihydro-5,8:11,14-dietheno C
benzocyclododecene (19.). N-Bromosuccinimide (0.76 g,
'X j Oj rV XJ Xi XJ Oj 1 XJ X 'X OJ» 'X'Xt
4.27 mmol) and cyclophane 10 (0.36 g, 1.41 mmol) in
rVrl
carbon tetrachloride (35 mL) were refluxed for 48 hr.
The resulting succinimide was filtered when cooled
and the filtrate was evaporated. The desired product
19 was isolated (0.17g, 29%) after silica gel column
'if Xi
chromatography (hexanesbenzene= 91, R= 0.50):
m.p. 222-223°C (from hexanes); CHBr M.S.:
me= 412 (M+); Accurate mass: measured 411.9462,
calcd. 411.9493; Analysis: found C 56.34, H 3.26,
calcd. C 57.98, H 3.41 (sample contaminated with small
amount of tribromide); H NMR (NMR-5, 250 MHz):
5 4.69 (s, 2H, -CH2~), 6.57-6.60 and 6.72-6.76 centered
at 6.67 (m, A, 4H, p-ArH, JAX= 8.2 Hz), 6.62-6.67
and 7.29-7.33 centered at 6.98 {AX, 4H, p-ArH,





dibenzocyclododecene (-34). To a mixture of dibromide
rbrUrO'rOrO%%rj'jf,rjfjrjrj'jrjfjrj
19 (0.73 g, 1.77 mmol) and freshly distilled furan (30)
(50 mL, 0.69 mol) was added dropwisely a suspension
of potassium t-butoxide (5 g, 45 mmol) in anhydrous
THF (50 mL) over 1 hr. After stirring for another hour,
the mixture was quenched with 1M sulfuric acid (100 mL).
The aqueous layer was extracted with chloroform (3 x 30 mL]
and the combined organic layer was dried over,anhydrous
••
sodium sulfate and evaporated. Column chromatography on
silica gel (benzene) of the residue afforded the desired
product 34 (R,.= 0.34) (0.213 g, 47%) and ketone 39
(R =0.60) (0.1 g, 21%).
Endoxide 34: m.p. 203-205°C; Cn„H.,rO; M.S.:
vo, 24 16
me_= 320 (M+); Accurate mass: measured 320. 1199,
calcd. 320.1201; 1H NMR (NMR-6, 250 MHz): 6 5.82
(s, 2H, -CH-0-), 6.11-6.58 centered at 6.35
(A2X2, 4H, p-ArH, JAX= 8.1 Hz, JAX,= 1.5 Hz),
6.60-6.69 centered at 6.65 (A2X2, 4H, p-ArH, JAX= 7.9 Hz,
J= 1.5 Hz),7.49 (s, 2H, -CH=CH-), 7. 40-7. 59 centered
AX
at 7.50 (A2B2, 4H, o-ArH, J= 5.5 Hz, J'= 3.4 Hz).
Ketone 39: m.p. 217-219°C (from acetone);
'Xt
C20H14O; ms:—=)' Accurate mass: measured
270.1073, calcd. 270.1045; Analysis: found C 88.78,
H 5.20, calcd. C 88.86, H 5.22; 1H NMR (NMR-7, 250 MHz):
6 3.88 (s, 2H, -CH2~CO-), 6.63-6.75 centered at 6.69
(A2X2, 4H, p-ArH, JAX= 8.0 Hz), 6.75 (s, 4H, p-ArH),
7.43-7.68 centered at 7.56 (A2B, 4H, o-ArH, J= 5.5 Hz,
J'= 3.3 Hz).
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5,8:13,16-Diethenodibenzocyclododecene (16).fi 'xi Yj Yj Yi Yi Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj Yj
Lithium aluminum hydride (0.37 g, 9.8 mmol) was added
carefully to a suspension of titanium (IV) chloride
(2.4 mL, 21.0 mmol) in anhydrous THF (100 mL) at 0°C
under nitrogen, followed by triethylamine (0.53 g,
5.3 mmol) in anhydrous THF (10 mL). The mixture was
stirred and refluxed for 30 min. and then allowed to
cool to room temperature. To this reagent was added
the endoxide 34 (51.4 mg, 0.16 mmol) in anhydrous THFYj Y«
(15 mL) and' the mixture was stirred for 1 hr. Saturated
potassium carbonate solution (200 mL) was added. The
aqueous layer was extracted with chloroform (3 x 100 mL)
and the combined organic layer was dried over anhydrous
sodium sulfate and evaporated. Column chromatography on
silica gel (benzene, R= 0.95) of the residue afforded
the cyclophane 16 (35 mg, 72%): m.p. 275°C (dec.) (from
acetone); C24H16; Ms:—= 04 (M+); Accurate mass:
measured 304.1221, calcd. 304.1251; Analysis: found
C 94.26, H 5.25, calcd. C 94.70, H 5.30; UV (UV-2)
'A,. (logs): 222 (4.7), 266 (3.6), 295 (2.4);
max(nm)
1H NMR (NMR-8, 250 MHz): 6 6.68 (s, 8H, p-ArH),




naphthocyclododecene (36). Isobenzofuran (32) was preparedn.A.n.A.A.A.O.n.n.A.A.A.A.A.A.A.rt.rt.A.A. A.A. A A
? s
by the following procedurediisopropylamine (1-5 g,
14.9 mmol) and.n-butyl lithium in n-hexane (8 mL, 6M,
48 mmol) were mixed and stirred at 0°C under nitrogen. To
the lithium diisopropylamide reagent was added 1-methoxy-C
39
1,4-dihydroisobenzofuran (0.24 g, 1.62 mmol) and the
resulting mixture was stirred for 15 min. It was then
quenched with saturated ammonium chloride solution (30 mL)
and extracted with benzene (3 x 10 mL). The organic layer
was dried over anhydrous magnesium sulfate and concentrated
to about 6 mL.
Dibromide 19 (72 mg, 0.18 mmol) was mixed with the
'X'X;
aforementioned freshly prepared isobenzofuran (32) and
then a suspension of potassium t-butoxide (1.5 g, 13 mmol)
in anhydrous THF (30 mL) was added slowly to the above
mixture. The mixture was stirred for 1 hr and then 0.5M
sulfuric acid (40 mL) was added. The aqueous layer was
extracted with chloroform (3 x 10 mL) and the combined
organic layer was dried over anhydrous sodium sulfate and
evaporated. Column chromatography on silica gel (benzene,
= 0.77) gave the title compound 36 (49 mg, 74%):
m.p. 247-249°C; C28H18°' M,s:= 370 (M+); Accurate
mass: measured 370. 1337, calcd. 370. 1358; H NMR (NMR-9,
250 MHz): 6 6.03 (s, 2H, -CH-0-), 5.64-6.33 centered at
5.99 (AX, 4H, p-ArH, JAX= 8.2 Hz), 6.59 (s, 4H, p-ArH),
7.05-7.08 and 7.41-7.44 centered at 7.24 (A2B2, 4H, NapH,
J= 5.1 Hz, J= 3.0 Hz), 7.31-7.35 and 7.45-7.49 centered
at 7.40 (A2B2, 4H, o-ArH, J= 5.5 Hz, J'= 3.4 Hz).
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5,8:15 ,18-Diethenobenzonaphthocyclododecene (17).
Lithium aluminum hydride (0.37 g, 9.8 mmol) was added
carefully to a suspension of titanium (IV) chloride
(2.4 mL, 21.0 mmol) in anhydrous THF (100 mL) at 0°C under
nitrogen, followed by triethylamine (0.53 g, 5.3 mmol) in
anhydrous THF (10 mL). The mixture was stirred and
refluxed for 30 min. and then allowed to cool to room
temperature. To this reagent was added the endoxide 36
(62 mg, 0.17 mmol) in anhydrous THF (10 mL) and the
mixture was'stirred for 5 hr. Saturated potassium carbonate
%
solution (200 mL) was added. The aqueous layer was
extracted with chloroform (3 x 100 mL) and the combined
organic layer was dried over anhydrous sodium sulfate and
evaporated. Column chromatography on silica gel (benzene,
= 0.95) afforded the cyclophane 17 (45.7 mg, 77%):
m.p. 278°C (dec.) (from toluene); C28H18; M,s,:——=
354 (M+); Accurate mass: measured 354.1442, calcd. 354.1409;
Analysis: found C 94.80, H 5.19, calcd. C 94.88, H 5.12;
.UV (UV-3) Amax(nm) dog£): 229 (4. 5), 237 (4. 6), 267 (3. 7),
274 (3.6), 283 (3.5), 295 (3.2), 307 (2.7), 322 (2.4);
1H NMR(NMR-10, 250 MHz): 6 6.69-6.77 centered at 6.73
(A2X2, 8H, p-ArH, JAX= 8.4 Hz), 7.46-7.49 and 7.67-7.71
centered at 7.58 (A2B2, 4H, o-ArH, J= 5.5 Hz, J'= 3.3 Hz),
7.57-7.61 and 7.95-7.99 centered at 7.78 (A2B2, 4H, NapH,
J= 6.2 Hz, J'= 3.3 Hz), 8.10 (s, 2H, NapH).
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1-Methyl-l,4-dihydro-l,4-endoxo-5,8:13 ,16-0j j XJ'XJXJ'XJtXj 'Xj Xjft tyj 'X Xj 'Xj fj tXj XJ(X) Xt tj 'XJXJXj 'I OjXt 'Xj OjrXi fj 'Xj Xj 'X Ojrj OjXJXJ
diethenodibenzocyclododecene (35). A suspension of
potassium t-butoxide (3.5 g, 31.2 mmol) in anhydrous THF
(100 mL) was added dropwisely to the mixture of dibromide
19 (700 mg, 1.70 mmol) and freshly distilled 2-methylfuran
'Xj'Xj
(31) (45 mL, 0.49 mol) under nitrogen. The resul-tingjrj
mixture was stirred for 8 hr and quenched with 1M sulfuric
acid (100 mL). The aqueous layer was extracted with
chloroform (2 x 50 mL). The combined organic layer was
dried over anhydrous sodium sulfate and evaporated.
% • • •
Column chromatography on silica gel (benzene) of the
residue afforded the desired product 35 (R=. 0.34)
'Vr'Xj
(62.3 mg, 11%) and ketone 39 (R.= 0.60) (54.2 mg, 12%).
Endoxide 35: m.p. 196-200°C; C~cH1o0; M.S.:
c 25 18
me= 334 (M+); Accurate mass: measured 334.1361, calcd.
334.1358; XH NMR (NMR-11, 250 MHz): 6 2.00 (s, 3H, CH,
5.71 (d, 1H, -CH-0-, J= 1.9 Hz), 6.51-6.64 centered at
6.58 (m, 4H, p-ArH), 6.13-6.17 and 6.58-6.62 centered at
6.37 (A2X2, 4H, p-ArH, JAX= 8.0 Hz, JAX,= 1.6 Hz),
7.45 (ABq, 2H, -CH=CH-, J= 5.3 Hz, 1.8 Hz), 7.39-7.58
centered at 7.49 (A2B2, 4H, o-ArH, J= 5.4 Hz, J'= 3.4 Hz).
70
1-Methy1-5,8:13,16-diethenodibenzpcyclododecene
(2y. Lithium aluminum hydride (0.29 g, 4.9 mmol) was
added carefully to a suspension of titanium (IV) chloride
(1.2 mL, 10.5 mmol) in anhydrous THF (50 mL) at 0°C
under nitrogen, followed by triethylamine (0.27 g,
2.7 mmol) in anhydrous THF (5 mL). The mixture was
stirred and refluxed for 30 min. and then allowed to
cool to room temperature. To this reagent was added
the endoxide 35 (60 mg, 0.18 mmol) in anhydrous THF (12 mLrOrV
and the mixture was stirred for 10 hr. Saturated potassium
C»••••
carbonate solution (70 mL) was added. The aqueous layer
was extracted with chloroform (3 x 30 mL) and the combined
organic layer was dried over anhydrous sodium sulfate
and evaporated. Column chromatography on silica gel
(benzene, R-= 0.95) afforded the title compound 21
r OOj
(53.4 mg, 93%): m.p. 280°C (dec.) (from heptane); C»cH10;Z b lo
M.S.: me= 318 (M); Accurate mass: measured 318.1410,
calcd. 318.1408; Analysis: found C 94.30, H 5.71, calcd.
C 94.30, H 5.70; 1H NMR (NMR-12, 250 MHz): 6 2.49
(s, 3H, -CH) t 6.60-6.75 centered at 6.68 (AXr 4H,
jo-ArH, JAX= 8.3 Hz), 6.68 (s, 4H, p-ArH), 7.34-7.69
centered at 7.52 (m, 7H, o-ArH).
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9,14-Dihydro-9,14-diphenyl-9,14-endoxo-5,8:0
15,18-diethenobenzonaphthocyclododecene (37). A suspensic
of potassium t-butoxide (1.0 g, 8.9 mmol) in anhydrous
THF (15 mL) was added dropwisely into the anhydrous THF
solution (10 mL) of dibromide 19 (11 mg, 0.03 mmol) and
2,5-diphenylisobenzofuran (33) (95 mg, 0.35 mmol) underXj Xj
nitrogen. The resulting mixture was stirred for 15 min.,
then water (15 mL) was added. The aqueous layer was
extracted with ether (3 x 15 mL) and the combined organic
layer was dried over anhydrous sodium sulfate and.
evaporated. The excess 2,5-diphenylisobenzofuran was
removed by column chromatography on silica gel (hexanes
benzene= 91, R,.= 0.50). The desired product 37 was
r wn,
obtained (5.9 mg, 40%) on thick layer chromatography
(silica gel, hexanesethyl acetate= 41,= 0.45):
m.p. 270°C (dec.); M.S.: me= 522 (M+);
Accurate mass: measured 522.2013, calcd. 522.1984;
1H NMR (NMR-13, 250 MHz): 6 6.60-6.80 centered at 6.70
(m, 8H, p-ArH), 7.30-7.85 centered at 7.58 (m, 18H,




cyclododecene (42). .A mixture of cyclophane 10
(52 mg, 0.21 mmol), N-bromosuccinimide (38 mg, 0.21 mmol)
and trace amount of benzoyl peroxide in carbon tetrachloric
(5 mL) was irradiated by a sun lamp (500 W) for 30 min.
with vigorous stirring. The resulting succinimide was
filtered when cooled to room temperature. The filtrate
was evaporated. Preparative layer chromatography (silica
gel, hexanesbenzene= 91, R-= 0.3) followed by
recrystallization from hexanes yielded the monobromide 42
(14 mg, 21%): m.p. 194-196°C (from hexanes) (lit.14
190-193°C); C2QH15Br; M.S.: me= 334 (M+), 336 (M++2);
1H NMR (NMR-14, 250 MHz): 6 3. 33 (ABq, 1H, CH,
J= 6.9 Hz, 14.3 Hz), 4.07 (ABq, 1H, -CH2-, J= 9.0 Hz,
14.3 Hz), 5.23 (t, 1H, -CHBr-, J= 6.9 Hz, 9.0 Hz),
6.30-6.80 centered at 6.55 (m, 8H, p-ArH), 7.41-7.64




monobromide 42 (19.0 mg, 0.06 mmol) in anhydrous THF (2 mL
'Xt'X
was added to a vigorously stirred potassium t-butoxide
(413 mg, 3.7 mmol) suspension in anhydrous THF (15 mL)
in 30 min. The reaction was then quenched with 2M
hydrochloric acid (20 mL) and the aqueous layer was
extracted with ether (3 x 15 mL). The combined organic
layer was dried over anhydrous magnesium sulfate and
evaporated. The desired product 11 was isolated (9.0 mg,
67%) after preparative layer chromatography on silica gel
(hexanesbenzene= 91,= 0.66): m.p. 225-228°C
(from hexanes) (lit. 227-229°C); c2qH; M.S.:
me= 254 (M+); UV (UV-4) X,. (log£): 217 (4.8),
—— max(nm)
260 (3.9), 339 (2.9); 1H NMR (NMR-15, 250 MHz):
6 6.53-6.55 centered at 6.54 (A0X„, 8H, p-ArH, J=A A A
8.2 Hz), 7.28 (s, 2H, -CH=CH-), 7.41-7.63 centered at
7.52 (A2B2, 4H, o-ArH, J= 5.6 Hz, J'= 3.4 Hz).
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cistrans-9,10-Dibromo-9,10-dihydro-5,8:11,14-O
diethenobenzocyclododeeene (44). Bromine (93 mg, 0.58 mmol)
'Xi 'Xt 'XJ XJ'Xt 0 'Xt 'XI J J 'V 'w 'XJ XJXJX) Xj Xj Xj XJXJ0 V; XJXJ
in carbon tetrachloride (15 mL) was added dropwisely to the
•7.-»
cyclophene 11 (147 mg, 0.58 mmol) in carbon tetrachloride0»,
(10 mL). The reaction was monitored by tic and was then
quenched with 40% sodium hydroxide solution (4 mL). The
aqueous layer was extracted with chloroform (3 x 10 mL).
The combined organic layer was dried over anhydrous sodium
sulfate and evaporated, cis-44 (62.2 mq, 26%) and trans-44
r OiO. O'V.
(52.9 mg, 23%) were isolated by column chromatography on
silica gel (hexanesbenzene= 91,= 0.12 and 1= 0.24,
respectively).
cis-44: m.p. 268°C (dec.) (from acetone); ,Br.;Z U 14 2
M.S.: me= 412 (M+), 414 (M++2), 416 (M++4); Accurate mass:
measured 415.9506, calcd. 415.9424; Analysis: found
C 57.30, H 3.38, calcd. C 57.98, H 3.41; 1H NMR (NMR-16,
250 MHz): 6 5.74 (s, 2H, -CHBr-CHBr-), 6.58 (s, 4H, p-ArH),
6 .63-7. 34 centered at 6.99 (A2X, 4H, p-ArH, JAX= 8.3 Hz),
7.44-7.63 centered at 7.54 (A2B2, 4H, o-ArH, J= 5.5 Hz,
J1= 3.4 Hz).
trans-44: m.p. 275°C (dec.) (from acetone); CrtH, ,Br.;
'Vf'v. 20 14 2
M.S.: me= 412 (M), 414 (M +2), 416 (M++4); Accurate mass:
measured 415.9478, calcd. 415.9424; XH NMR (NMR-17, 250 MHz):
6 5.22 (s, 2H, -CHBr-CHBr-), 6.49-6.90 centered at 6.70
(m, two A2X2, 8H, p-ArH, J= 8.3 Hz, J'= 1.7 Hz),




trans-44 (38. 3 mg, 0.09 mmol) and 20-fold excess of
'b'Xj
1,5-diazabicylo [4.3.o] non-5-ene (DBN) (0.23 g, 1.86 mmol)
in benzene (20 mL) were refluxed for 63 hr under nitrogen
and was then allowed to cool to room temperature. The
product mixture was washed successively with 0.1M sulfuric
acid (4 x 20 mL) and water (2 x 20 mL). The organic
layer was dried over anhydrous sodium sulfate and evaporated
Column chromatography on silica gel (hexanesbenzene
= 91, R_= 0.35) afforded the vinyl bromide 40 (23.4 mg,
78%). Similar treatment of cis-4A (54.7 mg, 0.13 mmol)
with 10-fold excess of DBN (0.17 g, 1.33 mmol) in refluxing
benzene (20 mL) for 24 hr also gave the vinyl bromide 40
(28 mg, 63%) after the same work-up procedure: m.p.
210-213°C (from hexanes); CHBr; M.S.: me= 332 (M+);
Accurate mass: measured 332.0195, calcd. 332.0201;
Analysis: found C 72.08, H 3.92, calcd. C 72.08, H 3.93;
1H NMR (NMR-18, 250 MHz): 6 6.57-6.66 centered at 6.62
(A2X2, 4H, p-ArH, JA= 8.5 Hz), 6.69 (s, 4H, p-ArH),
7.55 (s, 1H, -CH=CBr-), 7.42-7.63 centered at 7.53
(A2B2, 4H, o-ArH, J= 5.3 Hz, J'= 3.4 Hz).
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9 ,10-Dihydro-5,8:11,14-diethenobenzocyclododecen-COjfj rj rj XJXJfj 'XJrj rj rj rj rj rj rj (f rj rj J rj 'XJ'XJrj rXtrj rj rj rj rj fj Xtrj 'XJrj fj fj 'XJrj rj rXrj rj 'XJrj rj rX'XJ'XJ'XJ
9-one (39). Two equivalents of silver acetate (5.0 mg,
rXfrj'Xtrjrj 'X'Xj
0.03 mmol) in glacial acetic acid (1 mL) was mixed with
the dibromide 19 (6.1 mg, 0.015 mmol) and the mixture was
refluxed for 1 min. Water (0.5 mL) was added and the
yellow precipitate was filtered when cooled. The filtrate
was evaporated under vacuum. Preparative layer chromato¬
graphy on silica gel (benzene,= 0.6) gave the ketone
39 (1.7 mg, 40%): m.p. 217-219°C (from acetone). The
spectrometric data of the ketone 39 are identical with
those of an authentic sample prepared previously.
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9-Semicarbazono-9,10-dihydro-5,8:11.14-diethenoCOj j tj ,j j t f t fj fi (J l i tf J J J j J J J1i J t J 0 'O t j j 0 J (J rj J t ,J t J f t
benzocyclododecene (47). Semicarbazide hydrochloride
(40 mg, 0.36 mmol) and anhydrous sodium acetate (30 mg,
0.37 mmol) were refluxed in anhydrous ethanol (5 mL)
for 2 min. The precipitate was filtered and washed with
anhydrous ethanol (3x1 mL). The filtrate containing
semicarbazide was mixed with ketone 39 (97.5 mg, 0.36 mmol)J J
in anhydrous ethanol (50 mL) and refluxed for 12 hr.
The product was filtered as white precipitate'upon cooling
to room temperature, and was washed with ethanol. .(3 x 10 mL).
It was dried in vacuum to yield the product 47 (67.5 mg,
57%): m.p. 263-264°C; C21H17N30; M.S.: me= 327 (M+);
Accurate mass: measured 327.1361, calcd. 327.1372;
Analysis: found C 75.29, H 5.13, N 12.95, calcd.
C 77.04, H 5.23, N 12.84 (recrystallization has not been
carried out due to low solubility of 47).%'X,
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4,7:12,15-Diethenobenzocyclododecene-l,2,3-0
selenadiazole (43). Se'micarbazone 47 (20 mg, 0.06 mmol)
Oi O rj'irjr)rjrj% rjfj'j'j Vj 'VV
and selenium dioxide (purified by sublimation) (1 g,
18 mmol) were heated in anhydrous dioxane (20 mL) at
80°C (oil bath) for 2 hr. The product mixture was quenched
with water (80 mL) and extracted with chloroform (3 x 20 mL).
The organic layer was washed with water (3 x 50 mL),
dried over anhydrous sodium sulfate and evaporated.
Column chromatography on silica gel (benzene,'Rf= 0.63)
afforded the selenadiazole 43 (10.4 mg, 50%):
m.p. 194°C (dec.); C2QH12N2Se; M.S.: me= 332 (M+ -N2);
1H NMR (NMR-19, 250 MHz) (DMSO-dr): 5 6.58-6.84 centered0




eyelododecene (49). The selenadiazole 43 (4 mg, 0.01 mmol)X Xy f OJ 'X Xy X X X X X X X X X X
and tetraphenylcyclopentadienone (tetracyclone)
(12 mg, 0.03 mmol) were refluxed in dried dimethylsulfoxide
(1 mL) at 230°C (oil bath) for 10 min. Upon cooling to
room temperature, chloroform (10 mL) was added and the
organic layer was washed with water (3x5 mL), dried over
anhydrous magnesium sulfate and evaporated. Preparative
layer chromatography on silica gel (benzene,= 0.90)
yielded the' tetraphenyl substituted cyclophane £9
(0.5 mg, 8%): m.p. 300°C; C48H32; Ms,: HlfL= 08 (M+)
Accurate mass: measured 608.2501, calcd. 608.2504;
1H NMR (NMR-20, 250 MHz): 6 6.65-6.71 centered at 6.68
£-ArH, J= 8.1 Hz), 6.84-7.18 centered at
7.01 (m, 20H, -CgHj_), 7. 38-7. 59 centered at 7.49
(A2B2, 4H, o-ArH, J= 5.5 Hz, J'= 3.4 Hz).
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1,2,3,4-Tetrahydro-l,4-endoxo-5,8:13,16-diethenoC
dibenzocyclododecene (53). The endoxide 34 (273 mg,
0.85 mmol) was hydrogenated in benzeneethanol (11, 20 mL)
over 5% Pd-C under atmospheric pressure at 25°C, hydrogen
was taken up from a graduated gas burette at the rate of
0.1 mLsec. After the reaction, the catalyst was filtered
and washed with chloroform (3x5 mL). Column chromato¬
graphy on silica gel (hexanesbenzene= 21,= 0.31)
gave the title compound 53 (264 mg, 97%): m.p'. 213°C (dec.)
(from heptane)-; C24H18°7 M,s:—= 222 (M+)r 29.4 (M+-C2H)
Accurate mass: measured 322.1367, calcd. 322.1358;
Analysis: found C 89.51, H 5.62, calcd. C 89.41, H 5.63;
1H NMR (NMR-21, 250 MHz): 6 1.60-1.79 centered at 1.70
(m, 2H, -CH-), 2.10-2.22 centered at 2.16 (m, 2H, -CH-) r
5.45 (dd, 2H, -CH-0-, J= 2.8 Hz, J'= 1.4 Hz),
6.28-6.60 centered at 6.44 (AX, 4H, p-ArH, J= 8.0 Hz),Z Z r A
6.66 (s, 4H, p-ArH), 7.41-7.60 centered at 7.51 (A2B2,
4H, o-ArH, J= 5.5 Hz, J'= 3.4 Hz).
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4,7:12,15-Diethenobenzofuranofcl eyelododecene (18).
Powdered endoxide 53 (263 mg, 0.82 mmol) was heated at
220°C for 5 min. under vacuum (0.5 mmHg) with occasional
shaking. The reaction was monitored by tic. Column
chromatography on silica gel (benzene) yielded the furano
product 18 (R_= 0.95) (71 mg, 92%) together with unreactedt
starting material 53 (R-= 0.34) (181 mg, 0.56 mmol).
rjfj r
Compound 18: m.p. 275°C (dec.) (from heptane); 22H140;
M.S.: me= 294 (M+); Accurate mass: measuredf294.1046,
calcd. 294. 1045; Analysis: found C 88. 84, H 4.79_,. calcd.
C 89.77, H 4.79; 1H NMR (NMR-22, 250 MHz): 6 6.62-6.72
centered at 6.67 {AXr 8H, £-ArH, J= 8.4 Hz),
7.57 (s, 2H, Furanyl H), 7.43-7.64 centered at 7.54
(A2B2, 4H, o-ArH, J= 5.5 Hz, J'= 3.4 Hz).
UV (UV-5) X,. (log e): 200 (4.7), 219 (4.6),
max(nm)
267 (3 .3), 274 (3. 1), 287 (2 .5).
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Dimethyl 1,4-dihydro-l,4-endoxo-5,8:13 ,16-C( j j rj y 'VyAy'VyAyfXj AyfXjAyrXjAyAyAyAyAyrXjrj AyAyAyAyAyj AyAyfXj rXjrX)AyAyAyAyrXjAyAyAyfy Ay
diethenodibenzocyclododecene-2,3-dicarboxylate (54).AyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAyAy Ay
The furanocyclophane 18 (22 mg, 0.07 mmol) and dimethyl
'7
acetylenedicarboxylate (DMAD) (1 mL, 7 mmol) were refluxed
in toluene (10 mL) for 3 hr at 150°C (oil bath). The
mixture was then cooled to room temperature. Excess DMAD
and toluene were evaporated under vacuum. Column
chromatography on silica gel (hexanesethyl acetate= 21)
gave the title compound 54 (Rf= 0.78) (24 mg, 83%)
together with the unreacted starting material 18. (R= 0.95)
(3.8 mg, 0.01 mmol). Compound 54: m.p. 191°C; CaoHaaO.-;Zo Z U D
M.S.: me= 436 (M+); Accurate mass: measured 436.1312,
calcd. 436.1311; 1H NMR (NMR-23, 250 MHz):
6 3.91 (s, 6H, -C02CH3), 6.04 (s, 2H, -CH-0-), 6.10-6.60
centered at 6.35 {AXr 4H, p-ArH, J= 7.9 Hz, J'= 1.7 Hz),
6.60-6.72 centered at 6.66 (A2X2, 4H, p-ArH, J= 8.1 Hz, J'=
1.7 Hz), 7.41-7.60 centered at 7.51 (A2B2, 4H, o-ArH,
J= 5.5 Hz, J'= 3.4 Hz).
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Dimethyl 5, 8:13,16-diethenodibenzocyclododecene-CXj Xj XJrJ XJ'Xj XJXj Ojrj XJXJXJXj XJXJXJXJXJXJXJXJXJXJXJXJXj XJXj Xj Xj Xj Xj Xj Xj Xj Xj XJXJXj Xj Xj Xj XJXj Xj XJ
2, 3-dicarboxylate (55). Lithium aluminum hydride (15 mg,XjXjXjXjXjXjXjXjXjXjXjXjXjXjXjXjXj XjXj
0.40 mmol) was added carefully to a suspension of
titanium (IV) chloride (0.1 mL, 0.85 mmol) in anhydrous
THF (2 mL) at 0°C under nitrogen, followed by triethylamine
(21 mg, 0.21 mmol) in anhydrous THF (0.5 mL). The mixture
was stirred and refluxed for 30 min and then allowed to
cool to room temperature. To this reagent was added the
%
endoxide 54 (24 mg, 0.05 mmol) in anhydrous THF (4 mL)Xj Xj
and the mixture was stirred for 2 hr. To the mixture was
added saturated potassium carbonate solution (80 mL).
The aqueous layer was extracted with chloroform (3 x 20 mL).
The combined organic layer was dried over anhydrous
sodium sulfate and evaporated. Column chromatography on
silica gel (benzene,= 0.26) afforded the title compound
55 (16 mg, 70%): m.p. 273°C (dec.) (from heptane); CnoHonO,;
'W Z o Z U 4
M.S.: me= 420 (M+); Accurate mass: measured 420.1361,
calcd. 420.1362; Analysis: found C 79.95, H 4.83, calcd.
C 79.98, H 4.79; 1H NMR (NMR-24, 250 MHz): 6 4.00 (s, 6H,
-CCCH), 6.63-6.73 centered at 6.68 (AX 8H, £-ArH,
JAX= 8.2 Hz), 7.46-7.69 centered at 7.58 (A2B2, 4H, o-ArH,
J= 5.6 Hz, J'= 3.4 Hz), 8.03 (s, 2H, protons ortho to
carboxylate).
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9,10,23,2 4-Tetrahydro-5,8:11,14:19,22:25, 2 8-C
22
tetraethenodibenzocyclotetracosene (56). Phenyl1ithium
was prepared by adding bromobenzene (2.33 g, 16 mmol) in
anhydrous ether (25 mL) dropwisely to a stirring suspension
of finely divided lithium (224 mg, 32 mmol) in anhydrous
ether (25 mL). 4,4-Bis(bromomethyl)-o-terpheny1 (29)— rVy'
(5.00 g, 12 mmol) in anhydrous ether (150 mL) was added to
the reagent in 30 min. The resulting mixture was stirred
for another 20 hr and then 1M sulfuric acid (100 mL) was
added. The aqueous layer was extracted with chloroform
(2 x 100 mL). The combined organic layer was dried over
anhydrous sodium sulfate and evaporated. Column
chromatography on silica gel (hexanesbenzene= 91)
furnished the title compound 56 (R,.= 0.14) (209 mg, 7%)
r
and cyclophane 10 (R,.= 0. 33) (1. 23 g, 40%). Compound 56:
m.p. 245-246°C (from heptane); c4oH32; Iffi=
512 (M+); Accurate mass: measured 512.2501, calcd. 512.2504;
Analysis: found C 93.70, H 6.29, calcd. C 93.71, H 6.29;
1H NMR (NMR-25, 250 MHz): 6 2. 90 (s, 8H, -CH2CH2-).',
6.74-6.99 centered at 6.87 (A2X2, 16H, p-ArH, J= 8.1 Hz),
7.36-7.47 centered at 7.42 (AA'BB', 8H, o-ArH, J= 7.01 Hz,
r.




tetraethenodibenzocyclotetracosene (57). Cyclophane 56
rlr0r0rUrlr0r0r0r0rjr0rVa;r0rl;rjar0r0Ayr0Arl'r0r0rVyrl'r0rryr0rjrl 'X'Xj
(88 mg, 0.17 mmol) was brominated with N-bromosuccinimide
(123 mg, 0.69 mmol) in carbon tetrachloride (100 mL) with
the aid of trace amount of benzoyl peroxide and irradiation
with sun lamp (500 W) for 30 min. with stirring. The
resulting succinimide was filtered and washed with carbon
i
tetrachloride (2 x 10 mL) when cooled to room temperature.
The filtrate was evaporated and the residue was evacuated
for complete removal of moisture.
Without purification, the product obtained above
in anhydrous THF (5 mL) was added dropwisely to a suspen¬
sion of potassium t-butoxide (1 g, 8.9 mmol) in anhydrous
THF (5 mL) under nitrogen. The mixture was stirred for
12 hr and then quenched with 2M hydrochloric acid (20 mL).
The product mixture was extracted with chloroform (3 x 20 mL).
The organic layer was dried over anhydrous sodium sulfate
and evaporated. Preparative layer chromatography on silica
gel (hexanesbenzene= 91,= 0.00) followed by column
chromatography on silica gel (chloroform, R_= 0.90) gave
the title compound 57 (10 mg, 12%): m.p. 300°C (from
chloroform); C4qH24; m,s:——= 04 (M+);
Accurate mass: measured 504.1876, calcd. 504.1878;
Analysis: found C 95.26, H 4.74, calcd. C 95.21, H 4.79;
1H NMR (NMR-26, 250 MHz): 6 6.85-7.24 centered at 7.05
(A0X0, 16H, p-ArH, J= 8.2 Hz), 7.44-7.54 centered atZ Z AX
7.49 (AA1BB1, 8H, o-ArH, J= 7.13 Hz, JD= 0.36 Hz,A B
J= 7.72 Hz, J'= 1.36 Hz); UV (UV-6) X,, (log e):
max(nm) r
291 (3. 7), 296 (3. 7), 305 (3. 6).
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IX. Spectra: NMR Page
1. 4,4-Dibromo-o-terphenyl (27)
2. 4,4-Bis(hydroxymethyl)-o-terphenyl (28





















































































6. 9, l'O, 23, 24-Tetradehydro-5 ,8:11,14:19,2
25.28-tetraethenodibenzocvclotetracosen
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